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Abstract 11 
In present study, the feasibility of partial nitrification (PN) process achievement and 12 
its greenhouse gas emission were evaluated in a sequencing batch biofilm reactor 13 
(SBBR). After 90 days’ operation, the average effluent NH4
+-N removal efficiency 14 
and nitrite accumulation rate of PN-SBBR were high of 98.2% and 87.6%, 15 
respectively. Both polysaccharide and protein contents were reduced in loosely bound 16 
extracellular polymeric substances (LB-EPS) and tightly bound EPS (TB-EPS) during 17 
the achievement of PN-biofilm. Excitation-emission matrix spectra implied that 18 
aromatic protein-like, tryptophan protein-like and humic acid-like substances were the 19 
main compositions of both kinds of EPS in seed sludge and PN-biofilm. According to 20 
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typical cycle, the emission rate of CO2 had a much higher value than that of N2O, and 21 
their total amounts per cycle were 67.7 and 16.5 mg, respectively. Free ammonia (FA) 22 
played a significant role on the inhibition activity of nitrite-oxidizing bacteria and the 23 
occurrence of nitrite accumulation. 24 
Keywords: Sequencing batch biofilm reactor; Partial nitrification; Extracellular 25 
polymeric substances (EPS); Excitation-emission matrix (EEM); 26 
Greenhouse gas emission. 27 
1. Introduction 28 
Biological nitrification-denitrification is typically utilized for nitrogen removal 29 
through two individual sequential processes: aerobic nitrification with the terminal 30 
conversion of NH4
+-N to NO3
--N and the subsequent anoxic denitrification with the 31 
conversion of NO3
--N to molecular nitrogen (Adav et al., 2009). Recently, much 32 
attention has been paid to partial nitrification (PN) via nitrite process as a novel 33 
concept of BNR process. It theoretically saves approximately 25% of oxygen supply 34 
for nitrification, 40% of organic carbon as electron donor for denitrification and 35 
achieves a lower sludge production (Peng and Zhu, 2006). To date, PN process has 36 
been successfully applied for wastewater treatment containing high-nitrogen 37 
concentration or low carbon/nitrogen (C/N) ratio, such as municipal wastewater, 38 
landfill leachate and anaerobic sludge digester liquor etc (Ge et al., 2014; Qiao et al., 39 
2008; Wang et al., 2010). 40 




dissolved oxygen (DO), pH value, sludge retention time (SRT), free ammonia (FA) 42 
and free nitrous acid (FNA) etc (Wei et al., 2015a). Till now, most of partial 43 
nitrification processes are reported by using synthetic wastewater as substrate under 44 
well-controlled laboratory-scale activated sludge reactors (Chen et al., 2016). 45 
However, little information is available for the achievement and maintenance of PN 46 
via nitrite through a biofilm system. Compared to suspended-growth activated sludge, 47 
biofilm system has the ability to provide different sub-zones for various types of 48 
bacteria, and therefore protect the slow-growing nitrifying bacteria from washout in 49 
the competition of heterotrophic bacteria (Yin et al., 2015). Therefore, various biofilm 50 
systems, such as sequencing batch biofilm reactor (SBBR), moving bed biofilm 51 
reactor (MBBR) and fixed bed biofilm reactor (FBBR) etc, are increasingly being 52 
applied for treating various municipal and industrial nitrogen-containing wastewaters 53 
(Gilbert et al., 2014; Jin et al., 2012; Zhang et al., 2016). Especially, it is evident that 54 
the degradation of pollutants largely depends on the amount and activity of 55 
microorganisms, which is attached onto the solid surface of carrier for biofilm 56 
formation in the presence of extracellular polymeric substances (EPS) (Czaczyk and 57 
Myszka, 2007; Li et al., 2016). Microbial EPS likely have a dynamic double-layered 58 
structure of loosely bound EPS (LB-EPS) diffused from the tightly bound EPS 59 
(TB-EPS) that surround the cells (Zhao et al., 2015). Moreover, the two kinds of EPS 60 
fractions play different roles in maintaining the sludge floc structure and functions 61 
(Liu et al., 2010). However, there is still a lack of destructive research to evaluate the 62 




double-layered EPS have not been characterized. 64 
Additionally, biological wastewater treatment is recognized as one of the major 65 
sources of greenhouse gas (GHG) emissions, particularly carbon dioxide (CO2) and 66 
nitrous oxide (N2O), causing a major challenge to global climate (Kong et al., 2016). 67 
It is well reported that CO2 and N2O can be produced from the processes of organic 68 
matter degradation and biological nitrogen removal, respectively. Especially, N2O has 69 
about 300 times higher global warming potential than that of CO2. As a by-product 70 
and intermediate product, N2O emission from biological wastewater treatment is 71 
influenced by various operational parameters, including DO concentration, nitrite, 72 
COD/N, temperature and toxic compounds etc (Kampschreur et al., 2009). In 73 
particular, nitrite accumulation was considered to be a major parameter for affecting 74 
the emission of N2O in both nitrification and denitrification stages, and therefore 75 
mitigate the environmental benefits of PN process (Wei et al., 2014a). Therefore, it is 76 
desirable to evaluate the GHG emissions in PN biofilm system in order to provide a 77 
better understanding on the basis of PN process. 78 
In present study, the feasibility of PN process achievement in a SBBR was 79 
evaluated treating high strength ammonia wastewater. For more detailed insights, the 80 
changes of LB-EPS and TB-EPS were qualitatively and quantitatively analyzed by 81 
using chemical and fluorescence spectroscopic approaches during the PN-biofilm 82 
formation. After the PN-SBBR achieving stable operation, the productions of CO2 and 83 
N2O were carried out to evaluate the behavior of GHG emissions from wastewater 84 




PN-biofilm process by considering the point of GHG production. 86 
2. Materials and methods 87 
2.1 SBBR system and operational procedure 88 
Fig. S1 shows the schematic diagram of the lab-scale SBBR used in present 89 
study, which was made of plexiglas with a working volume of 3.4 L (12 cm in 90 
diameter and 30 cm in height) at room temperature (25-27 oC). The SBBR was filled 91 
with 40% cylindrical bio-carriers (K3, plastic media), and each carrier with 25 mm in 92 
diameter and 12 mm in height, respectively. The specific surface area and bulk density 93 
of each carrier were 500 m2/m3 and 110 kg/m3, respectively. Influent wastewater was 94 
prepared in a storage tank (60 L) and introduced to the bottom of the reactor through a 95 
water pump. Air was supplied at the bottom of reactor by using an air pump. The 96 
reactor was automatically operated through a time controller. 97 
The anoxic-aerobic SBBR was sequentially operated at a cycle of 480 min, 98 
consisting of 5 min influent, 85 min anoxic phase, 360 min aerobic reaction, 20 min 99 
settling and 10 min effluent and idle. Electromagnetic stirrer was used as the mixing 100 
method to keep the suspension of sludge during anoxic and aerobic phases. The 101 
reactor was operated with a volumetric exchange ratio of 50%, resulting in hydraulic 102 
retention time (HRT) of 16 h. Activated sludge was taken from a plant treating soy 103 
protein wastewater as the inoculation of biofilm system. The plant was located at 104 
Shandong province in China treating high strength ammonia wastewater. The sludge 105 
retention time (SRT) and nitrogen loading rate of plant were about 20 day and 0.15 kg 106 
NH4




concentration in the reactor was 3.0 g/L. 108 
2.2 Synthetic wastewater 109 
The compositions of synthetic wastewater were used in the experiment as 110 
follows: chemical oxygen demand (COD, as sodium acetate), 600 mg/L; NH4
+-N (as 111 
ammonium chloride), 200 mg/L; K2HPO4, 112 mg/L; CaCl2, 40 mg/L; MgSO4·2H2O, 112 
20 mg/L; FeSO4·2H2O, 20 mg/L
 and trace element solution 1.0 ml/L. The 113 
composition of the trace mineral solution was as follows: H3BO3 0.05 g/L, ZnCl2 0.05 114 
g/L, CuCl2 0.03 g/L, MnSO4·H2O 0.05 g/L, (NH4)6MoO24·4H2O 0.05 g/L, AlCl3 0.05 115 
g/L, CoCl2·6H2O 0.05 g/L, NiCl2 0.05 g/L. The ratio of bicarbonate to NH4
+-N was 116 
kept above 8.0 mg/mg to ensure the growth requirements of nitrifying bacteria, as 117 
similarly reported by Shi et al (2009). As a reslut, the influent pH values of 118 
wastewater were controlled between 8.0 and 8.5. 119 
2.3 EPS extraction and spectra analysis 120 
A heating method was used to extract the double-layered EPS from seed sludge 121 
and biofilm, including loosely bound EPS (LB-EPS) and tightly bound EPS (TB-EPS), 122 
and the detailed procedure could be found in the previous literature (Li and Yang, 123 
2007). 3D-EEM spectra were obtained by using a fluorescence luminescence 124 
spectrometer (LS-55, Perkin-Elmer Co., USA). EEM spectra were gathered with 125 
scanning emission (Em) spectra from 280 to 550 nm at 0.5 nm increments by varying 126 
the excitation (Ex) wavelength from 200 to 400 nm at 10 nm increments. 127 
Synchronous fluorescence spectra of EPS samples were measured by ranging the 128 




width of the Ex/Em slit and scanning speed were set to 5.0 nm and 1200 nm/min for 130 
all the fluorescence measurements, respectively. 131 




--N were analyzed in accordance with their respective 133 
standard methods (APHA, 2005). The pH and DO values were monitored by using 134 
on-line probes (3420i, WTW Company, Germany). The polysaccharide (PS) and 135 
protein (PRO) contents were measured by using phenol-sulphuric acid method and 136 
modified Lowry method, and glucose and bovine serum albumin (BSA) were used as 137 
the respective standards, respectively.  138 
During stable typical cycle, N2 and air were supplied into the PN-SBBR 139 
throughout the anoxic and aerobic phases, and the off-gases were collected into the 140 
gasbags to quantify the emission amounts of N2O and CO2. N2O and CO2 141 
concentrations were measured by using a gas chromatography (7890B, Agilent 142 
Technologies, USA), and the detailed method could be found in the previous literature 143 
(Hu et al., 2011). 144 
The nitrite accumulation ratio (NAR) of the reactor was calculated according to 145 
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The FA and FNA concentrations in the reactor could be calculated by using the 148 









FA ( / )











F N A ( / )








                     (3) 152 
3. Results and discussion 153 
3.1 Achievement and maintenance of PN-SBBR 154 
The SBBR was successively operated for more than 90 days for biofilm 155 
formation and nitrite accumulation. As shown in Fig. 1A, the seed sludge in the 156 
reactor quickly adapted to the influent nitrogen-rich wastewater, and NH4
+-N removal 157 
efficiency generally increased to 99.4% in the start-up period (days 1-6). Afterwards, 158 
the average NH4
+-N removal efficiency in the effluent was high of 98.2% throughout 159 
the rest period of experiment (days 7-90, n=32), and the average effluent NH4
+-N 160 
concentration was less than 5 mg/L. Although the influent water quality had some 161 
fluctuation, the reactor still had an excellent nitrification performance for treating the 162 
synthetic high strength ammonia wastewater, suggesting that the biofilm system had a 163 
strong adaptability to the unstable influent substrate concentrations. Borghei and 164 
Hosseini (2005) also found that MBBR had a good resistance to the toxic shock 165 
loading and the reactor returned to steady state condition within only two or three 166 
cycles of retention time. 167 
Correspondingly, a gradual increase of effluent NAR was observed along with 168 
the significant increase of NH4
+-N removal efficiency in the start-up of PN system. 169 
Afterwards, the effluent NO2
--N and NO3
--N concentrations were average at 62.8 and 170 
8.83 mg/L (days 64-90, n=10), respectively. As a result, the effluent NAR was average 171 




was completely inhibited in the PN-SBBR system, and nitrite was the main nitrogen 173 
species in the effluents after the biofilm formation. Additionally, TN removal 174 
efficiency in PN-SBBR was average about 61.2% at the same time, which was much 175 
higher than the conventional nitrogen removal via nitrate process (19.9%) reported in 176 
our previous literature (Wei et al., 2014a), suggesting that PN-SBBR could be used as 177 
an effective system for enhanced TN treatment, especially when treating wastewater 178 
with low COD/N ratio. The reason may be attributed to the presence of anoxic zone 179 
inside of the PN biofilm, which may cause the denitrification via nitrite path in 180 
aeration phase through the utilizing of insufficient carbon resource. 181 
The achievement of PN-SBBR was accompanied by not only the changes in 182 
effluent quality, but also by the formation and generation of biofilm. The SBBR 183 
system was started-up by adding suspended activated sludge with a fluffy, irregular, 184 
loose morphology as seed sludge (Fig. S2A). After 10-days inoculation, it can be seen 185 
that a thin biofilm was easily attached onto the surface of bio-carrier (Fig. S2B). 186 
Afterwards, the biofilm thickness was generally developed in the system and therefore 187 
led to an increase in biomass concentration (Fig. S2C). Subsequently, biofilm 188 
entrapped inside the carrier continued to grow till to balance during the stable 189 
operation of PN-system (Fig. S2D), causing the biomass in each carrier was average 190 
about 0.14 g (n=3). At the end of study, the total amounts of biomass in suspended 191 
phase and attached carrier were 0.5 and 5.35 g/L, respectively, suggesting that the 192 
major portion of the biomass was attached onto the carrier in PN-system. 193 
3.2 Variations of EPS contents during PN-SBBR achievement process 194 
EPS production by attached microorganisms is considered as a very complicated 195 




(Czaczyk and Myszka, 2007). In present study, the main compositions of EPS, 197 
including PRO and PS, were measured and compared in the seed sludge and 198 
PN-biofilm. It was observed from Fig. 2 that both contents of PRO and PS in LB-EPS 199 
and TB-EPS were reduced after the achievement of PN-biofilm process. PRO and PS 200 
contents in TB-EPS were much higher than those in LB-EPS in both seed sludge and 201 
PN-biofilm, suggesting that TB-EPS was the main distribution and composition in the 202 
double-layered EPS. Yang and Li (2009) also found that LB-EPS have a relatively 203 
weak capacity to bind the floc constitutes. However, LB-EPS has been proved to play 204 
a significant role for influencing the flocculation, sedimentation and dewaterability of 205 
sludge, which is closely related to the sludge-water separation performance as 206 
specified by the ESS, SVI and SRT values (Li and Yang, 2007). 207 
As shown in Fig. 2, PRO had about 4.8-20.3 times higher contents than those of 208 
PS for both kinds of EPS fractions, and the abundance of PRO may be attributed to 209 
the presence of a large quantity of exoenzymes in sludge (Fr et al., 1995). After the 210 
achievement of PN-SBBR, PS and PN contents decreased by 66.5% and 32.1% in 211 
LB-EPS, and by 72.2% and 36.2% in TB-EPS, respectively. The result suggested that 212 
PS contents were varied significantly in the attachment of activated sludge to 213 
bio-carrier for microbial biofilm formation. Additionally, TB-EPS contents decreased 214 
much higher degree than those in LB-EPS, suggesting that TB-EPS likely played a 215 
significant role for cell attachment. 216 
Generally, the two kinds of EPS fractions play different roles in affecting the 217 
properties of microbial aggregates in the flied of wastewater treatment, including 218 




LB-EPS increased significantly to environmental stress (such as low DO, salinity and 220 
toxic compound etc) than that of TB-EPS, which may be attributed to LB-EPS in the 221 
outer layer acted as the first place at which the biofilm has contact and interacts with 222 
toxic compound (You et al., 2015). Wang et al. (2013) evaluated the effect of salinity 223 
on EPS fractions of activated sludge in an anoxic-aerobic SBR, indicating that the PS 224 
in the LB-EPS is more sensitive to salinity variation than that in the TB-EPS. Zhang 225 
et al. (2011) also reported the different characteristics of EPS fractions in a 226 
PN-biofilm system, suggesting that a clear release of PS in the LB-EPS fraction was 227 
detected during the enhancement of salinity. Moreover, LB-EPS showed stronger 228 
binding properties to metallic cations (Zn2+and Co2+) than TB-EPS, and the main 229 
chemical groups involved in the interactions between contaminants were apparently 230 
alcohol, carboxyl and amino (Sun et al., 2009). However, TB-EPS exhibited a higher 231 
flocculating ability than that of LB-EPS, which could be attributable to high contents 232 
of macromolecules (330-1200 kDa) and trivalent cations. (Yu et al. 2009).  233 
3.3 Fluorescence spectra of LB-EPS and TB-EPS 234 
Fig. 3 shows the EEM spectra of LB-EPS and TB-EPS extracted from seed 235 
sludge and PN-biofilm on day 1 and day 90. Table 1 summarizes the fluorescent peak 236 
location and intensity of 3D-EEM spectra from the two types of EPS fractions. As 237 
shown in Fig. 3, three fluorescent peaks (A, B and C) were obviously observed, 238 
suggesting that LB-EPS and TB-EPS had similar chemical compositions regardless of 239 
seed sludge and PN-biofilm. Peak A and B were located at Ex/Em wavelengths of 240 




aromatic protein-like and tryptophan protein-like substances (Sheng and Yu, 2006). 242 
Peak C was indentified at Ex/Em of 350-360/432.5-447 nm, corresponding to the 243 
presence of humic acid-like substances (Wei et al., 2015b). It was also found that the 244 
fluorescent intensities of LB-EPS and TB-EPS in seed sludge were significantly 245 
higher than those in PN-biofilm. Peak A, B and C were reduced to 19.5, 32.0, and 246 
9.56 a.u. in LB-EPS, while those were 547.1, 458.4, 102.8 a.u. in TB-EPS, 247 
respectively. Furthermore, there was a slight blue shift in term of emission in TB-EPS, 248 
implying the changed chemical structure of fluorophore-related functional groups 249 
during the biofilm formation process. 250 
Synchronous fluorescence spectra have been developed as an elegant approach to 251 
resolve the problem of spectral overlapping problem (Sanchez et al., 1990). Fig. S3 252 
displays the synchronous fluorescence spectra of two types of EPS from seed sludge 253 
and PN-biofilm. The whole wavelength in synchronous fluorescence spectra could be 254 
divided into three ranges of 250-300, 300-380 and 380-550 nm, assigning to the 255 
presence of protein-like, fulvic-like, and humic-like fluorescence fractions, 256 
respectively (Wei et al., 2016). It was obviously observed that the both LB-EPS and 257 
TB-EPS in PN-biofilm had higher fluorescent intensities than those of seed sludge. 258 
Moreover, a much higher fluorescent intensity was observed at 285 nm than other two 259 
kinds of fractions, suggesting that the protein-like fraction was the predominant 260 
component in EPS, as similarly with the result of chemical and EEM analysis. 261 
Therefore, synchronous fluorescence spectra could be used as a useful method for 262 




3.4 Typical cycle of PN-SBBR 264 
Fig. 4 shows the time-course of nitrogen species and control parameters in a 265 
typical PN-SBBR cycle during stable operation. It was found from Fig. 4A that 266 
NH4
+-N concentration was quickly reduced from 204.7 to 107.8 mg/L due to the 267 
dilution process after the influent addition (0-5 min), and generally changed to 91.0 268 
mg/L during the anoxic denitrification phase (5-90 min). The reason of decreased 269 
NH4
+-N concentration may be attributed to biosorption process. Correspondingly, 270 
both NO2
--N and NO3
--N were used as electron acceptor for pre-denitrification phase, 271 
and their concentrations decreased from 68.7 and 5.49 mg/L to 0.86 and 1.38 mg/L, 272 
respectively. Meanwhile, the pH values increased from 8.99 to 9.52 at the same time, 273 
as displayed in Fig. 4B. 274 
During the subsequently aeration phase (90-450 min), NH4
+-N concentration 275 
generally decreased from 91.0 to 0.80 mg/L, and the effluent NH4
+-N removal 276 
efficiency was high of 99.6%. As a time control parameter for nitrogen removal, the 277 
pH value in PN system generally decreased from 9.52 to 8.93 in nitrification process 278 
by consuming alkalinity, and next slightly increased to 9.01 due to air stripping of 279 
CO2 from the system (Fig. 4B). Although the DO concentration was always about 4 280 
mg/L during aeration phase, it was obvious observed the nitrite accumulation with 281 
low nitrate production in the effluent of PN-SBBR system. More detailed, the NO2
--N 282 
and NO3
--N concentrations varied to 66.2 and 9.01 mg/L, respectively. Compared to 283 
conventional BNR process, no nitrite peak appeared during the whole cycle, 284 
suggesting that the activity of NOB was fully inhibited in PN-biofilm system. 285 
High influent FA concentration has been successfully selected as the key control 286 




nitrogen-rich and high pH value wastewaters (Wei et al., 2014b). It is well accepted 288 
that NOB are more sensitive to the presence of FA than that of ammonia-oxidizing 289 
bacteria (AOB). Anthonisen et al (1976) found that FA concentration could inhibit 290 
Nitrosomonads and Nitrobcaters in the ranges of 10-150 and 0.1-1.0 mg/L, 291 
respectively. It was found from Fig. S4 that the FA concentration was high of 73.6 292 
mg/L after the influent wastewater pumped into the reactor (5 min). Although FA 293 
concentration was generally reduced to 3.7 mg/L due to the ammonium oxidation to 294 
nitrite at 390 min, it was still much higher than the reported inhibitory level (0.1-1.0 295 
mg/L) of NOB. Therefore, nitrite accumulation obviously occurred in the PN-biofilm 296 
system during the aeration phase (Fig. 4A). Additionally, when FA concentration 297 
decreased to 0.41 mg/L, NO3
--N concentration rapidly increased from 4.31 to 9.01 298 
mg/L, causing NAR decreased from 93.0% at 390 min to 88.0% at 450 min. The 299 
phenomenon further proved the inhibitory effect of FA on the activity of NOB for the 300 
oxidation of nitrite. Meanwhile, the FNA concentration was always at low level (less 301 
than 0.0006 mg/L), which was much lower than the reported inhibitory levels of 302 
nitrifying organisms (0.22-2.8 mg/L). Therefore, in present study, FA played a 303 
significant role on the inhibition activity of NOB and the occurrence of nitrite 304 
accumulation. 305 
3.5 Greenhouse gas emission of PN-SBBR system 306 
Fig. 5 shows N2O and CO2 emission rates during a typical cycle in PN-biofilm 307 
system. It was found that CO2 had much higher emission rate than that of N2O 308 
throughout of the whole cycle. The maximum value of CO2 emission rate was high of 309 
64.6 g/min at 330 min, which was about 4.58 times higher than that of anoxic phase. 310 
The CO2 emission amounts were 2.7 and 65.0 mg in aeration phase and anoxic phase, 311 




accepted that organic matter oxidation and alkalinity consumption are the two 313 
principal sources of CO2 production during wastewater treatment (Daigger et al., 314 
2004). When the biodegradable organic matter is stabilized by aerobic treatment, the 315 
carbon in the organic matter is converted to CO2. The other principal source of CO2 316 
production is alkalinity consumption from nitrification, which results in the 317 
conversion of inorganic carbon to CO2. 318 
As shown in Fig. 5, the N2O emission rate during the whole cycle displayed a 319 
similar tendency with CO2. It is well accepted that N2O emission from biological 320 
wastewater treatment may be attributed to two possible pathways: autotrophic 321 
nitrification and heterotrophic denitrification (Law et al., 2012). The N2O emission 322 
rate was always low throughout of anoxic phase (less than 3 g/min), and the majority 323 
of N2O was produced from aeration phase. The reason of a relatively higher N2O 324 
emission rate in the initial 30 min may be attributed to the reminding NO2
--N in the 325 
previous cycle. The maximum N2O emission rates in anoxic phase and aeration phase 326 
were 2.52 and 29.9 g/min at 30 and 240 min, respectively. As a result, the total N2O 327 
emission amount per cycle from PN-SBBR system was 16.5 mg, which was 328 
approximate 4.79% of removed nitrogen. 329 
4. Conclusions 330 
In summary, PN process was successfully achieved and maintained in a SBBR 331 
for treating high ammonia wastewater. High NH4
+-N removal efficiency and NAR 332 
were observed after PN-biofilm achievement. 3D-EEM and synchronous fluorescence 333 
spectra implied the similar chemical compositions LB-EPS and TB-EPS from seed 334 
sludge and PN-bioflim. The cycle data suggested that the majority of CO2 and N2O 335 




67.7 and 16.5 mg, respectively. The GHG emission result is valuable for 337 
understanding the process of nitrogen removal via nitrite in a biofilm system. 338 
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Figure Captions 457 
Fig. 1 Overall performance of PN-SBBR during the whole operation: (A) Influent and 458 
effluent NH4
+-N concentrations, and removal efficiencies; (B) Effluent NO2
--N and 459 
NO3
--N concentrations. 460 
Fig. 2 Changes in LB-EPS and TB-EPS contents during the PN-SBBR achievement 461 
process. 462 
Fig. 3 EEM spectra of LB-EPS and TB-EPS extracted from seed sludge and 463 
PN-biofilm: (A) LB-EPS and (B) TB-EPS from seed sludge; (C) LB-EPS and (D) 464 
TB-EPS from PN-biofilm. 465 
Fig. 4 Time-course of nitrogen species and control parameters in a typical PN-SBBR 466 
cycle during stable operation: (A) NH4
+-N, NO2
--N and NO3
--N concentrations; (B) 467 
pH and DO values. 468 
Fig. 5 N2O and CO2 emission rates during a typical cycle in PN-biofilm system. 469 


















































































Fig. 1 Overall performance of PN-SBBR during the whole operation: (A) Influent and 474 
effluent NH4
+-N concentrations, and removal efficiencies; (B) Effluent NO2
--N and 475 
NO3
--N concentrations. 476 

































Fig. 2 Changes in LB-EPS and TB-EPS contents during the PN-SBBR achievement 479 
process. 480 




















































































Fig. 3 EEM spectra of LB-EPS and TB-EPS extracted from seed sludge and 482 
PN-biofilm: (A) LB-EPS and (B) TB-EPS from seed sludge; (C) LB-EPS and (D) 483 
TB-EPS from PN-biofilm. 484 







































































Fig. 4 Time-course of nitrogen species and control parameters in a typical PN-SBBR 487 
cycle during stable operation: (A) NH4
+-N, NO2
--N and NO3
--N concentrations; (B) 488 
pH and DO values. 489 







































Fig. 5 N2O and CO2 emission rates during a typical cycle in PN-biofilm system. 492 
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Table 1 Fluorescence spectral parameters of LB-EPS and TB-EPS samples extracted 501 
from seed sludge and PN-biofilm. 502 
Simples Simples 
Peak A Peak B Peak C 
Ex/Em Intensity Ex/Em Intensity Ex/Em Intensity 
seed 
sludge 
LB-EPS 280/352 81.9 230/342 126.4 350/436 21.3 
TB-EPS 290/360 779.2 230/351.5 719.4 350/434 207.9 
PN 
biofilm 
LB-EPS 280/354 19.5 230/331 32.0 360/432.5 9.56 
TB-EPS 280/360.5 547.1 230/360 458.4 350/447 102.8 
 503 







 Partial nitrification was successfully achieved and maintained in a SBBR. 508 
 PN and PS contents were reduced during the achievement of PN process. 509 
 3D-EEM implied that LB-EPS and TB-EPS had similar chemical compositions. 510 
 CO2 and N2O emission amounts per cycle were 67.7 mg and 16.5 mg. 511 
 512 
